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The Prevalence of Selected Modifiable
Coronary Heart Disease Risk Factors
in 12-Year-Old Greek Boys and Girls
Constantin Bouziotas, Yiannis Koutedakis, Ruth Shiner,
Yiannis Pananakakis, and Vasiliki Fotopoulou
The prevalence of 14 selected modifiable coronary heart disease (CHD) risk
factors was determined in randomly selected adolescent boys (n = 117) and
girls (n = 93) from provisional Greece. Based on published criteria thresholds
for CHD, 45% of boys and 50% of girls exhibited three or more risk factors
with time spent on “vigorous” activities, low cardiorespiratory fitness and
fatness being among the most frequent in both sexes. Stronger associations
were found between cardiorespiratory fitness and time spent on “vigorous”
rather than “moderate-to-vigorous” activities in both boys and girls. Regres-
sion analysis indicated that energy expenditure (P < .01) in boys and energy
expenditure (P < .05) and energy intake (P < .01) in girls could alone explain
about 60% of the body-fat related findings in either group. In conclusion,
broadly based primary prevention strategies—aimed at children—should con-
centrate on reducing the overall energy intake and increasing the time spent
on “vigorous” activities if future Greek adult CHD mortality is to be reduced.
Introduction
Life expectancy of adult Greeks was until recently among the highest in the world
(36). The traditional Greek diet (22) and probably an active lifestyle (35) may
have accounted for this phenomenon. However, contemporary epidemiological
evidence shows that mortality from CHD in Greece is beginning to increase rap-
idly (20). This is in line with a decrease in physical activity levels and changes in
the traditional dietary habits (19) in Greek adults.
Atherosclerosis, the underlying cause of CHD, begins early in life and
progresses into adulthood (33). Both unmodifiable (e.g., heredity, race, age, sex)
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and modifiable (e.g., physical activity, cardiovascular fitness, obesity, serum lip-
ids, etc.) CHD risk factors are aetiologically related to atherosclerotic process and
are important in their causative relationship to CHD in adult populations (5). How-
ever, modifiable CHD risk factors that increase the risk for CHD in adult popula-
tions have also been observed in paediatric populations (21) including Greek chil-
dren (26) living mainly in large urban areas (2). Therefore, the aim of the present
study was to characterize the risk factor profile of Greek children subjected to the
beneficial effects of the traditional Mediterranean lifestyle of provisional Greece.
Methods
Subjects
The population studied consisted of 117 males (aged 12.3 ± 0.6 years, range 11.6–
14.4 years) and 93 females (aged 12.3 ± 0.6 years, range 11.5–14.9 years). They
were randomly selected from all (seven) secondary schools in Katerini, Greece
(out of a total number of 384 boys and 331 girls) and reported no medical history.
The Research Ethics Committee of the University of Wolverhampton approved
the investigation, and permission was granted from the Greek Ministry of Educa-
tion. In addition, written informed consent was obtained from the subjects and
their parents after full explanation of the procedure involved. All measurements
were conducted in the beginning of the school year by the same investigator, fol-
lowing the same order of testing procedures during the P.E. lessons. Blood tests
and blood pressure recordings were conducted by a team of medical doctors at the
National Hospital of Katerini.
Data Collection
Anthropometric measurements. Age (accurate to 1 month) was recorded.
Weight was measured to the nearest 0.5 kg (Seca Beam Balance 710) with subjects
being lightly dressed and barefooted and standing height to the nearest 0.5 cm
(Seca Stadiometer 208). Percentage body fat was calculated from two skinfolds
(i.e., triceps and medial calf, average of two measurements) with a Harpenden
(John Bull, England) calliper using the Lohman’s (25) formula.
Physical activity assessment. For the assessment of physical activity,
the Aaron et al. (1) physical activity recall questionnaire and a tailor made lifestyle
questionnaire were utilized. Subjects were asked to indicate all physical activities
they participated in at least 10 times during the past year. For these activities, more
detailed information was collected regarding the frequency and duration of par-
ticipation. The lifestyle questionnaire was used to record the usual number of hours
spent per day on less energy demanding activities such as sleeping, studying, TV
watching, etc. The metabolic cost of each activity obtained from both question-
naires was used to calculate the time spent in daily moderate-to-vigorous (≥ 3 & <
6 METs) and vigorous (≥ 6 METs) physical activity (3) as well as the total daily
energy expenditure.
Cardiorespiratory fitness assessment. Cardiorespiratory fitness was
assessed by using the shuttle run test (23). In brief, the subjects performed a series
of runs across a 20-m track, changing direction at the end of each run to coincide
with an audio signal that gets progressively faster minute by minute. Subjects start
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running at a speed of 8.5 km/hr, and speed is increased at various stages (0.5 km/hr
every minute). Each stage of the test is made up of several shuttle runs. The actual
score of the subject is the last 1/2 shuttle run fully completed before the subject
drops out. Maximal oxygen uptake (V·O2max) in ml/min/kg was then predicted
from the level at which the subject stopped exercising (12).
Smoking status assessment. Smoking status was ascertained by means
of a confidential questionnaire. Subjects who smoked one or more cigarettes per
week were considered as smokers.
Selected dietary intakes assessment. Information on the food intake of
the subjects was collected with their parents’ assistance by means of a 7-day di-
etary diary. All subjects were provided with a dated 7-day diary and were instructed
on how to keep a record of the amount and type of food consumed on 7 consecu-
tive days. Great care was taken to record the frequency, amount, and preparation
methods of the consumed food items. An estimate of portion size for the most
commonly consumed food-items was made by using sets of photographs depict-
ing the relevant foods. Using food composition tables for Greek food (34), total
energy intake and its macronutrient composition were estimated.
Serum lipids. Approximately 5 ml of venous blood was taken from the
antecubital vein under local anesthesia (xylocaine) from each subject with a
vacutainer following an overnight fast. A Technicon R-XT autoanalyzer was uti-
lized for determination of serum lipids and lipoproteins. Serum total cholesterol
(TC) and TG were determined by an automated enzymatic technique (CHOD-
PAP, Boehringer Mannheim GmbH, Germany) and CPO-PAP-method (Boehringer
Mannheim GmbH, Germany), respectively. Serum HDL-C concentration was
measured in the supernatant after precipitation of very-low-density and low-den-
sity lipoproteins with phosphotungstenic acid (Boehringer Mannheim Kit). Low
density lipoprotein cholesterol (LDL-C) concentration was calculated according
to Friedewald et al. (16) formula. External quality control took place with samples
from the National System of External Evaluation of Quality of the Results in Clinical
Chemistry in Athens, Greece. The coefficients of variation for TC, HDL-C, and
TG were 1.9, 3.8, and 3.4%, respectively.
Blood pressure recording. A mercury sphygmomanometer was used for
the recording of the blood pressure after the subject had been sitting quietly for at
least 5 min. The mean of two measurements of Korotkoff phase I was recorded for
systolic blood pressure. The mean of two values of Korotkoff Phase IV was re-
corded for diastolic blood pressure (31).
Criteria Thresholds for CHD Risk
The criteria thresholds for modifiable CHD risk factors used for the boys and girls
of this study appear in Table 1. Specific details for each of these criteria are given
below.
Physical activity. For physical activity, pupils were classified as “healthy”
or “at-risk” according to moderate and vigorous physical activity criteria. The
moderate activity criterion classified pupils as “at risk” if they reported physical
activity of moderate-to-vigorous intensity (≥ 3 METs & < 6 METs) less than 1
hour per day. This is in line with the recommendation that all young people should
participate in physical activity of at least moderate intensity for 1 hour per day (9).
The vigorous activity criterion classified pupils as “at-risk” if they reported less
176 — Bouziotas et al.
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than 0.5 hour per day physical activity of vigorous intensity (≥ 6 METs; 29).
Cardiorespiratory fitness. Cardiorespiratory fitness thresholds were ex-
pressed as predicted maximal oxygen uptake (PV·O2max) in ml/min/kg. On the
basis of published data, all subjects were designated to one of three groups
(“healthy,” “borderline,” or “at risk”) according to criteria set by Bell et al. (7).
Body fat. All subjects were allocated into one of three groups either being
“healthy,” “borderline,” or “at risk” according to criteria set by Bell et al. (7).
Smoking. Children who smoked at least one cigarette per week were con-
sidered to be “at-risk” as smoking even one cigarette/week is indicative of adult
smoking and consequential health problems (8).
Selected dietary values. Based on published criteria for a healthy diet
(28) all subjects were classified into either “healthy” or “at risk” according to their
consumption of total energy intake in dietary fat and saturated fat.
Serum lipids. All subjects were allocated into one of three groups on the
basis of published information (4, 7): either being “healthy,” “borderline,” or “at
risk” according to their likelihood of developing CHD.
Blood pressure. According to The Report of the Second Task Force on
Blood Pressure Control in Children (31), all subjects were allocated to one of three
groups either being “healthy,” “borderline,” or “at risk” for systolic and diastolic
blood pressure, respectively.
Statistical Analyses. The SPSS statistical package version 8.0 for Win-
dows was used for all statistical calculations. Means, standard deviations and in-
dependent t-tests were calculated for all parameters. Pearson correlation coeffi-
cients were calculated in order to investigate the associations between PV·O2max
and time spent on “moderate-to-vigorous” and “vigorous” activities. Moreover,
standard linear multiple regression analysis were also used in order to examine the
relationship between energy expenditure and energy intake (independent variables)
and body fat (dependent variable).
Results
The subjects’ characteristics are depicted in Table 2. Indicatively, boys had better
cardiorespiratory fitness (p = 0.001), had higher energy intake (p = 0.001) and energy
expenditure (p = 0.001). However, boys were not leaner (p ≥ 0.05) than the girls.
Table 3 describes the population considered to be either “healthy,” “border-
line,” or “at-risk” according to set selected modifiable criteria for CHD risk. It is
worth noting that 54% and 76% of boys and girls respectively failed to exercise at
intensities equivalent to or above 6 METs. Also, 54% and 52% of boys and girls
respectively demonstrated low cardiorespiratory fitness with a corresponding 52%
and 19% having body fat considered to be “at risk” levels.
Pearsons’ correlation coefficients revealed that there are stronger associa-
tions between cardiorespiratory fitness and time spent on “vigorous” rather than
“moderate-to-vigorous” activities in both boys and girls (Table 4).
Standard linear multiple regression analysis indicated that energy expendi-
ture in boys and energy expenditure and energy intake in girls could alone explain
approximately 60% of the body-fat related findings in both groups (Table 5).
Figure 1 illustrates the percentages of boys and girls with none, one, or more
than one out of the 14 modifiable CHD risk factors used in this study. Only 14
boys (12%) and 9 girls (10%) displayed no risk factors.
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Table 4 Pearson Correlation Coefficients Between PV·O2max and Physical
Activity Variables. Boys (N = 117), Girls (N = 93)
PV·O2max
Variables Boys (P <0.01) Girls (P <0.01)
Moderate-to-vigorous physical activity 0.51 0.49
Vigorous physical activity 0.77 0.73
Table 5 Summary of Standard Linear Regression Analysis for Variables
Predicting % Body Fat
Boys (N = 117) Girls (N = 93)
Explanatory B SE B b B  SE B b
variables
Constant 98.319 6.524 76.146 5.006
Energy expenditure –1.622 .173 –.764** –.427 .180 –.254*
(kcal/kg/day)
Energy intake .003 .137 .002 –.644 .127 –.544**
(kcal/kg/day)
R2 = .582, F(2,114) = 79.282, R2 = .572, F(2,90) = 60.230,
p <.001 p <.001
*p<.05, **p<.01.
Figure 1 — Percentages of boys and girls demonstrating 0-7 out of the 14 modifiable
CHD risk factors used in the present study.
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Discussion
The main findings of the present study were that only 12% of boys and 10% of
girls displayed none of the commonly recognized CHD risk factors. However,
more than 45% of boys and 50% of girls exhibited three or more risk factors, with
lifestyle parameters such as time spent on “vigorous” (i.e., ≥ 6 METs) activities,
cardiorespiratory fitness and fatness being among the most frequent in both sexes.
However, a physically active lifestyle has been found to be a crucial factor for
health benefits among people of all ages (13), while attitudes toward physical ac-
tivity acquired at an early age persist through adolescence into adulthood (24).
Cardiorespiratory fitness has been included among the main risk factors for
CHD in children and has been linked to reduced activity levels evidenced in the
Western lifestyle (10). We too found that the mean values for cardiorespiratory
fitness of both boys and girls were below the health-related proposed levels for
children (7). The fact that cardiorespiratory fitness levels were better served with
time spent on vigorous (i.e., ≥ 6 METs) compared to time spent on moderate-to-
vigorous (i.e., ≥ 3 & < 6 METs) activities in our subjects further confirms the
adoption of a more sedentary way of living. The need for a more active lifestyle
may be explained by the fact that aerobic training effects only appear if the exer-
cise intensities are above certain levels (6).
The present data have also shown that body fat was considered at risk levels
in 52% and 19% of our boys and girls, respectively. This finding is in line with
published reports on children from other European countries (15) and from Greek
children living in large urban areas (18, 26). Obesity is considered one of the ma-
jor public health problems in industrialized countries (17). Given that mortality of
obese adults, adolescents, and children is higher than that of the general popula-
tion (32) and that childhood obesity predisposes for adult obesity (11), the present
findings could be used to direct future public health strategies.
Regression analysis indicated that energy expenditure in boys and energy
expenditure and energy intake in girls could alone explain the majority of the body-
fat related findings in both groups of the present study. These findings are in line
with a recent publication suggesting that body fat accumulation in children can be
prevented by regular participation in physical activities (14) and provide indirect
support for the recently reported decrease in physical activity levels in Greek chil-
dren (27).
The subjects of the present study reported relatively healthy dietary habits
with mean fat and saturated fat intakes representing approximately 25% and 9.5%
of the total daily energy intake, respectively. However, the present data contradicts
the findings of Petridou et al. (30) who reported undesirable dietary patterns of
children coming from urban areas of low- to middle-class Greek families. The
healthy diet of the present subjects may be partly supported by their favourable
serum lipid profile. Indeed, the means of all lipidemic parameters studied herein
were within the health-proposed values for paediatric populations (7). These val-
ues were “healthier” than those reported by Adamopoulos et al. (2) for children
living in the urban environment of the Greek capital Athens. It could be assumed,
therefore, that the benefits of a more traditional Mediterranean diet might be con-
fined to children living in provisional Greece.
In conclusion, despite a diet of relatively high quality, modifiable CHD risk
factors do exist in provisional Greek children with time spent on vigorous activi-
ties, low cardiorespiratory fitness and increased fatness being among the most
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frequent. Broadly based primary prevention strategies aimed at children are essen-
tial if future Greek adult CHD mortality is to be reduced. Based on the present
findings, these prevention strategies should concentrate on reducing the overall
energy intake and increasing the time spent on physical activities, particularly on
vigorous than on moderate-to-vigorous activities.
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